AIM To develop the Mini-Manual Ability Classification System (Mini-MACS) and to evaluate the extent to which its ratings are valid and reliable when children younger than 4 years are rated by their parents and therapists.
INTERPRETATION The Mini-MACS seems applicable for children from 1 to 4 years of age.
In recent years, functional classifications have been shown to be very important for describing the heterogeneous group of children with cerebral palsy (CP), [1] [2] [3] [4] and these classifications have been used to complement the diagnosis of CP. According to Rosenbaum et al., 'Cerebral palsy (CP) describes a group of permanent disorders of the development of movement and posture, causing activity limitation, that are attributed to a non-progressive disturbance that occurred in the developing fetal or infant brain. The motor disorders in CP are often accompanied by disturbances of sensation, perception, cognition, communication, and behaviour, by epilepsy, and by secondary musculoskeletal problems. 5 CP is not easily diagnosed at an early age. Early development is influenced by several factors, and the child's general health condition could simply be unstable. The brain lesion causing CP can be detected by early brain imaging, and neurological signs can be detected by clinical tests, but determining the severity and type of CP is difficult during the first years of life. 6, 7 Therefore, it is recommended that the diagnosis should be confirmed at about 4 years of age. 8 It is, however, important to be able to describe the child's functional ability as soon as possible because this is often what matters most to parents of children with signs of CP. 9, 10 The use of a classification system also reflects a paradigm shift, whereby researchers and clinicians are moving from thinking in terms of neurological status and motor milestones to the consequences of CP on the child's daily functioning instead. 4 The Manual Ability Classification System (MACS) has been used frequently to describe how children with CP use their hands when handling objects in daily activities. It has been shown to be valid for use with children with CP from 4 to 18 years of age, and evidence has suggested that the classification levels are reliably scored and stable over time. 2, 11, 12 The MACS consists of five levels, where Level I represents the highest functional level and Level V represents the lowest functional level. When deciding on MACS levels, an age-related perspective on children's ability to handle objects as well as on what objects they are expected to handle should always be applied. In the attempt to use the MACS for younger children, it was anticipated that the age-related perspective would be even more important because there is rapid development of manual ability during the first years of life. Additionally, it is obvious that a typically developing child of 1 year of age, who has just learned to do purposeful manual actions, still needs a lot of support to handle objects in most daily activities. Regardless of having a functional limitation or not, children at 3 years of age also need frequent assistance in manual activities, and the activities they perform are less complex than those of older children. Therefore, we hypothesized that the MACS would require some adaptation of descriptions -and an evaluation of the validity of these new descriptions -to be applicable to a younger age group. The aim of this study was to develop the Mini-MACS and to evaluate the extent to which its ratings are valid and reliable when children aged younger than 4 years are rated by their parents and by therapists.
METHOD Development of the Mini-MACS
The process of developing the Mini-MACS involved several steps. First, minimal adjustment of the MACS was tested in a pilot project. On the basis of these results, the second step consisted of workshops and comprehensive consensus discussions within an expert group. In the third step, the test version of the Mini-MACS was clinically trialled for the evaluation of content validity and interrater reliability.
Development of the test version of the MACS for children younger than 4 years
The first test version for the pilot project involved minimal adjustment of the MACS by two of the authors (A-CE and LK-S) who were involved in the original development of the MACS. The adjustments were mainly made to give the classification a more age-related perspective. 13 The correlation between therapists' and parents' ratings of a convenience sample of 24 children (age range 15-47mo) was high, as demonstrated by an intraclass correlation coefficient (ICC) of 0.83, although the absolute agreement between raters was only 45%. 13 The low agreement between parents and therapists could indicate that even though parents and therapists felt confident in their choice of level, they interpreted the level descriptions differently, possibly depending on their different experiences. To gather knowledge of how parents and therapists described and interpreted the child's manual ability, interviews were held individually both with therapists and with parents after they had classified the child's manual ability. Parents were also asked about which toys their child preferred to play with, what their child was able to do by him-or herself, and the role of the parent during the child's play. Furthermore, the parents were asked to compare their child's hand function in relation to other children of the same age. The information from these interviews provided the authors with illustrative descriptions of children's ability to handle toys and objects in daily life. The information was used to strengthen the validation process for further adjustments to the phrasing of the different levels and to the distinctions between levels.
Development of the test version of the Mini-MACS
The second test version of the Mini-MACS (Fig. 1) was developed by an expert group that included three previous authors of the MACS, an occupational therapist who performed the pilot project of the revised MACS, and two other clinically experienced occupational therapists. The expert group met at different workshops, and, on the basis of the results from the interviews in the pilot project and videos of well-documented young children with CP, the content of the wording of the different functional levels and the distinctions between levels were thoroughly discussed. The development of the Mini-MACS was an ongoing process, and amendments were made until consensus was reached within the expert group.
Determining the interrater reliability of the test version of the Mini-MACS Participants
A convenience sample of 61 children with clinical signs of CP participated along with their caregivers. Three of the 61 children were assessed at two different occasions respectively (6mo apart with different raters); in total 64 Mini-MACS assessments were completed. The children were recruited from habilitation services located in four different regions of Sweden. The regions represented both rural and urban areas (see Table I ). The invitation to participate was sent to families with children 1 to 4 years of age who were attending the CPUP follow-up programme during 2014 (http://www.cpup.se), and whose parents were able to read and understand Swedish. The CPUP is a national registry and follow-up programme that performs annual assessments of children with CP. Children are referred to the CPUP programme at an early age and as soon as clinical signs of CP are apparent. The recruited children were a convenience sample because not all children were invited due to different time constraints in the centres. Informed consent was obtained from the participating parents.
The children were represented in this study by 30 mothers, 14 fathers, and in 18 cases both by the father and by the mother. Two children were accompanied by other caregivers. The age range of the included children was 12 to 51 months (mean age 30.2mo [SD 10.1]; Table I ). The children represented different subtypes of CP and were distributed across the five different severity levels of the Gross Motor Function Classification System (GMFCS) (further characteristics are shown in Table I ). Descriptive information of the children was obtained from the families. The children were independently rated on the Mini-MACS by one of their parents and by two occupational therapists on the same occasion. The first occupational therapist was the one typically responsible for the child's occupational therapy at the habilitation centre, and the second occupational therapist was working at the same centre but not involved in the child's services. The occupational What this paper adds
• The Mini-Manual Ability Classification System (Mini-MACS) can be used for children between 1 year and 4 years of age with signs of cerebral palsy.
• The Mini-MACS shows evidence of validity and reliability when used both by parents and by therapists.
therapists' previous knowledge about the child varied depending on the child's age and his or her contact with the habilitation centre.
The study was approved by the Regional Ethical Review Board of Stockholm, Sweden, and was performed in accordance with the ethical principles of the Declaration of Helsinki.
Procedure
The occupational therapists received information about the Mini-MACS as well as the data collection procedure at a seminar before the study started. All therapists were expected to be familiar with the original MACS because they were using it in their clinical practice for children with CP and in the CPUP follow-up programme. A leaflet describing the Mini-MACS was sent out to the families in advance, with an invitation letter.
During the child's CPUP evaluation visit at the habilitation centre, the child's occupational therapist, together with a second occupational therapist, started the data collection procedure through a brief introduction of the Mini-MACS to the parents. This was followed by a discussion about what the child was typically doing on a daily basis and how the child was using his or her hands in different activities. After the discussion, time was given to further read the leaflet. The parent and both of the therapists then independently classified the child's manual ability according to the Mini-MACS levels. If both parents attended the session, a joint score was given.
Distinctions between Levels I and II
Children in Level I may have slightly more difficulty handling items that require good fine motor skills compared to children without disabilities of the same age. Children in Level II handle essentially the same objects as children in Level I, but they may encounter problems performing tasks and/or take longer to perform them, so they often ask for help. Functional differences between hands may cause performance to be less effective. They may need more guidance and practice to learn how to handle objects compared with children in Level I.
I.
Handles objects easily and successfully . The child may have a slight limitation in performing actions that require precision and coordination between the hands but they can still perform them. The child may need somewhat more adult assistance when handling objects compared to other children of the same age.
II. Handles most objects, but with somewhat reduced quality and/or speed of achievement.
Some actions can only be performed and accomplished with some difficulty and after practice. The child may try an alternative approach, such as using only one hand. The child need adult assistance to handle objects more frequently compared to children at the same age.
III. Handles objects with difficulty.
Performance is slow, with limited variation and quality. Easily managed objects are handled independently for short periods. The child often needs adult help and support to handle objects.
IV. Handles a limited selection of easily managed objects in simple actions. The actions are performed slowly, with exertion and/or random precision. The child needs constant adult help and support to handle objects.
V. Does not handle objects and has severely limited ability to perform even simple actions
. At best, the child can push, touch, press, or hold on to a few items, in constant interaction with an adult.
Distinctions between Levels II and III Children in Level II can handle most objects, though they may take longer and do so with somewhat less quality, and they may need a lot of guidance and practice to learn how to handle objects. Level III children manage to use easily handled objects but often need help placing objects in an easy position in front of them. They perform actions with few subcomponents. Performance is slow.
Distinctions between Levels III and IV Children in Level III manage to use easily handled objects independently for short periods. They perform actions with few subcomponents, and the actions take a long time to perform. At best, children in Level IV can perform simple actions such as grasping and releasing easily handled objects that are offered in an adapted position. They need constant help.
Distinctions between Levels IV and V Children in Level IV perform individual actions with a very limited selection of objects and need constant help. At best, children in Level V perform simple movements in special situations. For example, they can press a simple button or hold single, simple objects.
What do you need to know to use Mini-MACS?
Mini-MACS users need to find out what objects the child usually handles and how they handle them: with ease or difficulty, quickly or slowly, with precision or randomly? For example, you can ask about and/or observe how the child uses his or her hands when playing and during meals, or when participating in usual activities of daily living. Ask questions about the child's self-initiated ability and how much adult help and support the child needs to handle everyday objects, e.g. toys.
Below is a description of the five Mini-MACS levels of children's self-initiated ability and their need for assistance or adaptation when handling objects. Afterwards, the parents and therapists each answered a questionnaire containing four questions about their perception of the applicability of the Mini-MACS: that is, how easy or difficult it was for them to find an appropriate Mini-MACS level for the child and whether the Mini-MACS levels in the leaflet were clearly described and easy to understand (see Table III ). After completing these two tasks, parents and therapists could compare and discuss their choices of Mini-MACS level. Occasionally some data points were missing for some families (see Tables I and III-V) .
Statistical analysis
Descriptive information is summarized in Tables I and III-V. The interrater reliability between parents and therapists was measured by calculating the ICC (2.1) on the basis of one-way random effects of analysis of variance for single measures.
14,15 ICC values ≥0.80 are considered to show acceptable reliability for measures on the group level.
14 We next calculated the percentage of absolute agreement, for which a value ≥75% is considered acceptable. 16 We used contingency tables to study the accordance between raters. A two-sided sign test for paired proportions was performed to determine whether there were statistically significant differences in the proportion of estimations in a positive or negative direction. A pvalue <0.05 was considered statistically significant. Descriptive data on the participants were summarized, and the analyses were conducted using the Statistical Package for the Social Sciences version 22.0 (IBM Corporation, Armonk, NY, USA).
RESULTS

Content of the Mini-MACS
The core concept of the test version of the Mini-MACS is similar to that of the MACS, which is to classify a child's ability to handle objects in daily life. To make the content of the Mini-MACS levels more age-relevant for very young children, certain adjustments were made. The differences and similarities of the five levels are shown in Table II . On the basis of the interviews with parents in the pilot project, the importance of independence in handling objects was found to be less significant in this younger age group. Therefore, the need for assistance in handling objects was embedded in all five Mini-MACS classification levels. Even children with mild clinical signs of CP at Mini-MACS Level I still needed support and assistance. Furthermore, some words used in the MACS to describe the modification of activities -such as 'preparation and modification' (MACS heading III) and 'adaptation' (MACS heading IV) -were omitted from the Mini-MACS because those concepts were not found to be applicable for the younger children. As the parents described it, they continuously finetuned the activities as an ongoing process rather than as something done in advance to promote their child's independence. Another difference noted was that in the MACS the concept of handling objects is related to the performance of tasks or activities, and it includes a series of actions of different degrees of complexity. For the Mini-MACS, simpler actions were referred to. Thus the words 'task performance' and 'activities' were replaced by 'actions' to better and more consistently reflect the daily life situation of children younger than 4 years of age (Table II   Table II Handles objects easily and successfully. At most, limitations in the ease of performing manual tasks requiring speed and accuracy. However, any limitations in manual abilities do not restrict independence in daily activities.
Handles objects easily and successfully. The child may have a slight limitation in performing actions that require precision and coordination between the hands, but they can still perform them. The child may need somewhat more adult assistance when handling objects compared with other children of the same age. II Handles most objects but with somewhat reduced quality and/or speed of achievement. Certain activities may be avoided or be achieved with some difficulty; alternative ways of performance might be used but manual abilities do not usually restrict independence in daily activities.
Handles most objects, but with somewhat reduced quality and/or speed of achievement. Some actions can only be performed and accomplished with some difficulty and after practice. The child may try an alternative approach, such as using only one hand. The child needs adult assistance to handle objects more frequently compared with children of the same age. III Handles objects with difficulty; needs help to prepare and/or modify activities. The performance is slow and achieved with limited success regarding quality and quantity. Activities are performed independently if they have been set up or adapted.
Handles objects with difficulty.
Performance is slow and with limited variation and quality. Easily managed objects are handled independently for short periods. The child often needs adult help and support to handle objects.
IV Handles a limited selection of easily managed objects in adapted situations.
Performs parts of activities with effort and with limited success. Requires continuous support and assistance and/or adapted equipment, for even partial achievement of the activity.
Handles a limited selection of easily managed objects in simple actions.
The actions are performed slowly, with exertion, and/or with random precision. The child needs constant adult help and support to handle objects. V Does not handle objects and has severely limited ability to perform even simple actions. Requires total assistance.
Does not handle objects and has severely limited ability to perform even simple actions. At best, the child can push, touch, press, or hold on to a few items while in constant interaction with an adult.
and Fig. 1 ). Further clarification was made in the distinctions between the Mini-MACS levels to clarify the characteristics of manual ability in this younger age group ( Fig. 1 and http://www.macs.nu).
Parents' and therapists' experience of using the Mini-MACS
Most parents and therapists thought that the descriptions of the Mini-MACS levels were clear and easy to understand (question 1, see Table III ). Fifty-nine per cent of the parents and 70% of the therapists deemed the child's ability to fit well into the descriptions of the Mini-MACS levels (question 2). However, about 40% of parents and 30% of therapists only found it partly easy to understand and to find a suitable Mini-MACS level. The distinctions between the Mini-MACS levels were found to be helpful in choosing a certain level by 73% of the parents and by 81% of the therapists (question 3). Although some parents and therapists had slight difficulties in using the Mini-MACS and responded 'partly' to all three questions, only a few parents and therapists had pronounced difficulties and responded 'not at all' to any of the questions. On the 5-point scale of how easy/difficult it was to determine the proper Mini-MACS level, the majority of all responders (51% of the parents and 73% of the therapists) found it easy or fairly easy to score the Mini-MACS level (a score of 1 or 2 on question 4).
Interrater reliability between parents and therapists
The ICCs between parents and therapist 1 and therapist 2 were both 0.90 (95% CI 0.84-0.99), indicating a good agreement (Table IV) . The percentages of absolute agreement were 65% and 69% respectively. The distribution of ratings is shown in Table V (a, b) . In cases where the ratings differed, it was only by a difference of one level in all except one case. There was no systematic direction for the differing ratings (two-sided sign test for paired proportions, p=1.00 between parents and therapist 1 and therapist 2).
Interrater reliability between therapists
The ICC between therapists 1 and 2 was excellent at 0.97 (95% CI 0.95-0.98), and the percentage of absolute agreement was good at 89% (Table IV) . The distribution of ratings is shown in Table V (c). In the cases where the ratings differed, it was only by a difference of one level. There was no systematic direction for the differing ratings (p=1.00).
Age difference of interrater reliability
For the younger children, up to and including 24 months of age (n=18), the ICC was excellent at 0.95 to 0.99 (Table IV) between parents and therapist 1 and therapist 2 as well as between the therapists. The percentages of absolute agreement were between 78% and 94%, with the highest agreement between the two therapists. For the older children, from 25 months of age (n=44), the ICC was good at 0.88 to 0.98 (Table IV) , and the percentages of absolute agreement were moderate between parents and therapist 1 (60%) and therapist 2 (64%), and good between the two therapists (91%).
DISCUSSION
Most parents and therapists found the test version of the Mini-MACS useful for describing the children's manual ability, and they also reported that the child's manual ability fitted well or partly into the Mini-MACS descriptions. However, about 30% of the parents and about 15% of the therapists still found it rather difficult or difficult to classify the children. The interrater reliability of the Mini-MACS was good between the parents and therapists as well as between the therapists. In general, the ICC and the percentages of absolute agreement were higher between therapists than between parents and therapists. Nevertheless, the Mini-MACS showed evidence of producing valid and reliable outcomes.
The age-related adjustments made to the descriptions of the MACS resulted in increased interrater reliability and percentage of absolute agreement compared with earlier attempts to use the original MACS with younger children, 17 and to the adjustment to the MACS applied in our pilot project. 13 It was a challenge to find illustrative word pictures of the children's different manual abilities that were plain, distinct, and comprehensible both for parents and for therapists. The results of the interviews with parents in the pilot project, the case discussions within the expert group, and the questionnaire answered by parents and therapists were all essential in the process of determining content validity: that is, how well the content of the Mini-MACS was an adequate reflection of the construct being measured. 18 Accounting for children's rapid development at early age was a significant challenge in the development of the Mini-MACS, and such difficulty has been reported in earlier research. 19 Even though the results of this study in general showed good evidence of reliability for the Mini-MACS, the agreement between parents and therapists was lower than between the two therapists. This tendency was already seen for the MACS, but to lesser extent. 2, 20 Differences in ratings from parents and therapists have also been reported for other assessments, and parents sometimes allocate children both to lower and to higher functional levels than therapists. 21, 22 Perhaps, as stated by Jewell et al., 21 a parent's experiences of their child's strengths and limitations might be a truer picture of their functional ability than that determined by therapists who often see the child in a more standardized clinical setting. However, one can also argue that therapists, by virtue of their clinical experience with children with CP at different severity levels, have a broader perspective of the range of severity in children with CP, whereas the parents of a young child might not have met many other children with CP. Therapists are also more familiar with assessing children's manual ability at different ages than parents. Consequently, both the parents' and therapists' perspectives are important, and a classification system such as the Mini-MACS might offer an opportunity to discuss and communicate the reasoning for possible differences of opinions.
Observers might not always agree precisely on a Mini-MACS level, and such differences probably depend on the individual, the context, or perhaps simply on the complexity of the actions required for handling objects. Nevertheless, the dissimilarities in choice of levels were only by one level for all but one case, and there was no systematic direction for the differing ratings between parents and therapists. The reliability of the Mini-MACS ratings was higher with the younger children compared with the older ones. Previous studies have shown opposite results, where lower reliability was found for the youngest children when using the original MACS and the GMFCS for children younger than 5 years of age. 17, 23 It is possible that the new wording in the Mini-MACS made it easier to agree on classification levels for the youngest children.
Children at young ages have not received their final diagnosis of CP because their condition might change, and the subtype of CP is typically confirmed at about 4 years of age. 8 This is reflected by the fairly substantial group of unspecified CP in this study. Also, the GMFCS is known to be less stable at younger ages. Gorter et al. 23 found that 42% of children younger than 2 years of age with CP changed GMFCS level during the first years of life, and most of The Mini-MACS level estimated by therapist 2 is missing for one child.
these children were reclassified in a lower functional level. Consequently, we suggest that very young children with CP should be reclassified on an annual basis with the Mini-MACS because the classification is probably less stable than for older children. Further studies of the stability of the Mini-MACS levels are needed. The information gained from both the Mini-MACS level and the GMFCS might be even more essential at early age because this will give some general description of the child's functional ability level in addition to the diagnosis, which might be unclear. The predictive value of the Mini-MACS is still unknown, but by using it we will be able to learn more about early manual ability in young children with CP.
Although the sample size for the reliability evaluation was considered sufficient, 24 the groups became relatively small when dividing the children into two age groups. However, the distribution of children over the five Mini-MACS levels and the five GMFCS levels represented the spectrum of functional levels seen in older children with CP described in other studies, 25, 26 though there were very few children classified in MACS Level IV, and for them the agreement between raters was poor. More research with a larger sample of children with a greater degree of upper limb impairments is required to determine whether, at this younger age, the five levels of classification can be distinguished. In addition, a larger sample of more impaired children will assist in determining whether there is a problem with the wording of Level IV or if the finding of poor agreement in this study was simply an effect of the current sample.
In summary, the Mini-MACS appears to be applicable and easy to understand, and the interrater reliability was high both for parents and for therapists. Involving parents in the classification of their child's manual ability provides essential information in describing the latter. The leaflet used in this study is available and free to use from http:// www.macs.nu.
